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EGG SIZE EVOLUTION AND PATERNAL CARE IN PIPEFISHES
SUMMARY
In this thesis I explore how sexual selection, sexual conflicts, coevolution with parental care and 
an environmental selective agent (hypoxia) affect the evolution of different egg characteristics 
and embryo survival and size in pipefishes (Syngnathidae).
In the broad-nosed pipefish, Syngnathus typhle Linnaeus, both sexes prefer to mate with 
large partners; large females produce more and larger eggs and large males can care for more 
young, and, as shown in this thesis, invest more per embryo and provide better oxygenation 
during brooding. However, if given time to assess their partners prior to mating, females deposit 
significantly more proteins into eggs when they mate with non-preferred (smaller) males. This 
result suggests that females are able to improve offspring fitness by compensating for small 
males’ lower paternal care quality, thus reducing effects of differences in care between small 
and large males. 
The spherical shape common to fish eggs minimizes the ratio between surface area and 
volume. As embryo respiration is assumed to be proportional to egg volume and oxygen 
availability to be restricted by the surface of the egg, this shape may be unfavourable for larger 
eggs. In S. typhle, both small eggs and hypoxia (low ambient oxygen levels) during brooding 
resulted in smaller embryos, but the negative effect of hypoxia on embryo size was similar 
for small and large eggs. In brooding males, within-pouch oxygen levels were found to be 
consistently lower than those of the surrounding environment, both in high and low ambient 
oxygen conditions indicating a limited paternal ability to maintain high levels of oxygenation to 
the embryos. 
When comparing pipefish species with and without brood pouches, the species with pouches 
were found to suffer, on average, greater embryo mortalities during brooding. However, under 
hypoxia embryo survival and size were negatively affected both in species with and without 
brood pouches. Between species, large egg size resulted in significantly larger offspring, but had 
a negative effect on embryo survival, compared to species that produce small eggs. 
This thesis contributes to the understanding of egg size evolution in relation to hypoxia and 
paternal care in syngnathids. The studies presented here suggest that the evolution of brood 
pouches carries costs in terms of embryo oxygenation. Furthermore, the evolution of more 
complex types of brooding has potentially enabled phenotypic variation to arise in the quality of 
male care, in turn selecting for flexible female reproductive investment with stronger selection 
on egg size evolution in species with brood pouches, and greater female control of egg quality.
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